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ABSTRACT

'x|fv .compounds"1 by dechlorination, ' photticliendbal * react ions; cleavage;of ••• •;;•- •^y^".' v:'
if ethers, oxidation, Tjiodegradatibn and hydrolysis are reviewed.,.:>^Due

to the great;'variation:in chemical•;s'tnic:ture» reactivityvis

of the proposed'

i: , •y'V'T'^^^^T^.' i ';'•'''••^ife(T^%/^AVJ%^>'''^^^
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/ are available inland burial, incineration "or" thermal" degradation,• v w;. ^4,,*
or chemical, biochemical and photolytic degradation. The method ;
used

'i.- nature

U U ;-yv*JU'(* w***5|j, -,*** A* ĵ̂ c»*iVi'JU-,w>yUUM****1 **•,>* **v£ "**s*tjii"T'*' rf , . **«(•**)• *T- '•, *^- * O'-''̂ 'n/. ;;• ^/'^'JL '-•Vi;'-''v;,'Vi''-p'r/;''-lf|'->1V

*deglradl̂ ibn̂ |;̂  '''''JC-^^'i^K''"-' "
'the
;with /thermal
some methods

The value of a chemical method for pesticide degradation lies
in the destruction of small quantities of pesticides and herbicides,
such as the residual material in empty containers or the excess
material generated from spraying operations. Unlike land disposal
which involves many parameters that control degradation, and where
the half-life of the pesticide or herbicide and products of
degradation would be uncertain, chemical degradation offers a
predictable half-life and definite products. .

The following table (Table,sl) lists those pesticides and
herbicides^and their structural,'formulae ,which pose significant
disposal1-problems to the,<Department, of, the, >Army»^ All research on\ (

1 degradation and detoxification^will'be conducted on/,these materials
in both pure and commercial grades".* '' " *i

'v4!

OBJECTIVE

. This literature review'summarizes various ̂chemical and photo-*-
chemical reactions that have been applied to pesticides, herbicides
and structurally related compounds i' From 'this*'survey (<it is hoped
that some effective and practical methods can be found for the de-
toxification of pesticides and herbicides on̂ both,'a small and large
scale. This background information is needed to assess potential
methods of pesticide disposal, to explore modifications of known
reactions and to generate new approaches to chemical degradations
of pesticides and herbicides.



Problems—"\~~ .^^?\?f*'-ffi\%!a'* Si6niflcant Disposal,.,.,,. I

'4 $̂W£̂"—""'"....:' v ?̂ ift'̂ f! ̂  *&$ ••' • -

DDT.-

Cl

Lindane EC
D

&|̂ p̂l|̂!*;1;>̂li)fp|̂!̂:'?: • y..-.:-v.i'J'f lk< o|̂ ft- ̂ipX'SSil̂ lSp̂ ĵ
''•' '" '' :'';''i" ' .?-;•!•'-':'*•. "•;•'., • "•••'?l-?i!̂

;.''':!!.:yV.'?':''fr-:;ifff 'Vi'ffrS?̂ '*
•i4fe'!J!»it»-":.fcvi.a,.-,;̂ ^̂ ^̂ 11^̂ ' "'A '•'4<r*>̂ T'̂ wU.r>̂ *'*"4̂ >'$|̂ ^

Chlordane

2,J*-D and esters
>-0-CH2-COOH

Many EC and OS
formulations
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''il/l

: V̂V.̂'$':̂:^-^^^^i^'mm
>. v2̂ :,5̂ Ti;an̂ Ur̂ p3̂ :
"''''• /$$'?:''*:{̂^̂

Malathion V-S-CH-C-CH2CH3
EC

Diazinon

Propoxur t

1 "1<«

'CarbaryT'u

* ,P.S, .« .oil

CH3 0

H f | T s WJ5 EC.
CH^-b*^ NX** 0-P-OCH2CH3 . 2% D / ;

CHo 6-CHpCHo 0,5^03;
J ^ j , ' .

. "V ,i.v»t , ,^^0-CONHCH3 |

.;-/••? ,/; ./; •.'/ ^ ,,.L , : ILO-CH-CIU (
 [i% osV/ ^,

'; ''" , , CH-3 i ! ' ^ / '
' :' .' • •':".; ; ':« ' : • ; • - :': J * l ^ > ^ f

"•vi:s--v 'ix>J . . , . . . . ; ..,,... •.,>'I'SNJ«.H,.,H .»•,,», i, If^ftatftlMH faff *<» fer oj)j4 ft^^jSWfr *i^f^tv<W4W!a

•-• ••-•- ' • • • • -• - 0-COI{HCH3

\ II ^^1 • " '
- '' '> ' '-' '<>•''*: ' f y \ : - l : ^\ V ' . l ' l . l f S*\ " /''..''-I. *'\ i'i'f,/^!^- '?,' ^ • ' ' ^ ^ ; ftO^'V L/P'V'V' .,, ^ •''' ''V^

'solution, 'EC = err.ulsifiable concentrate, D = dust, '• ' " :

WP = wet table powder,, C = concentrate



Chemical Dechlorination. A number of systems are described in the
, literature that,,dechlorinate both aromatic and, aliphatic halides.
The methods: areI ,both|sp^cif^^;and,non-specific,,in^heir actions.

; In igeneiH^/&echljb^^ hydrocarbon*villV'fl
render it less 'activci as a pesticide, but'vthe degradation products
may or may not be potential environmental contaminants.

The alkaline dehydrochlorination of DDT.;,(l) to DDE (2) by
alkaline substances vas studied by Lord (19^8)2.

alkali
Cl

H20.

Cl Cl

II
— c

.(?).
.,.. .

Table 2 shows the percent "conversion^6fr):'DDT^to:iD^)E "
of an 8/f aqueous sodium hydroxide solution isv; added to 5 ml of

-f^»0.i'-molar-.-DDT.'at,'30?C-in'.-an' organic.' lidjili»»/'#'• I-' *- i'-'lit^ief't^ :".•:

TABLE 2. Conditions for Conversion of :DDT to DDE (data from Lord,

Aqueous NaOH

1 ml
1 ml
1 ml
1 ml

• Organic
, ^ (5 . ml)

Reaction -,,,

Benzene
D1oxane
Acetone

Ethylene glyc ol-
monomethyl ether

25 hours
20 hours
1 hour
1 hour

;',; Percent/,;,,,

i*
36*
98*
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Smith and Parr (1972)3 have studied the fate of DDT in highly

W

Chau and Cochranerd^O)1* described the action of a boiling
solution ofr

chlorinated'
some formation̂
(p-chloropheiiyl) ethylene^(5) and

, ; ; " " / : , , .:• "(/{ \\ ,.// Vv '
,,,.,*,,,̂ ^̂ ^ '̂•'"•̂ î ii-i'̂ Î ^S'ift̂ iiî fe^^

(5)

In another study,' Chau'and Cochrane (1970)5 also described'the ^ \ ' ^
reduction of chlordane (7) and heptachlor (8) to chlordene (9) after
prolonged boiling in an acetone solution of chromous chloride.



Schwenk at. at. (19UU)6 found that aromatic chloro-corapounds
quantitatively exchange halogen for hydrogen when treated with
nickel aluminum alloy in aqueous alkali. Raney nickel or cobalt
dehalogenates mono and dichlorobenzene, chlorophenols and p-
chlorophenoxyacetic acid with ease (Buu-Hoi, 1963)7. The raney
nickel dechlorination of chloro and bromo aromatics in alkaline ^
media was described by Kammerer et ad. (1958)8« The combination^?

• ; of|)i3rdi'azine|'and<.pailadiiim on charcoal;in, ethanol has .be^eh';j:usedj|s|p
;,;?jtd^echlor'inat;(B ?l«,fcrdichloronapthaien'e ;>'.- 5,6-di chloroaceriapthen|f^M
rarid chibrpanttiracenfe (Mosby, 1959)9;. Vinopal <U at. (l97l)l^s--i|i

, -tfound;ftha^^;chlpi!o^dibenzp-p-d^ioxins,,,(,10),. could be dechlorinated,f;v
by palladium on charcoal.

A highly active catalyst that is inexpensive is nickel boride,
Ni B. Nickel boride is produced by the reaction of a soluble
nickel salt with aqueous' sodium borohydride (Brown and Brown, 1963)ll

(Mal'tseva tt aJL., 1967) . Although Ni B has not been applied to
dechlorination, it has been applied to tfte hydrogenation of olefins
(Brown and Brown. 19^3)** and the desulfurization of thiols (Truce
and Perry, 1965)l3.



The total dechlorination of:isodrin (11) was achieved by
skj,̂,:.<̂.(;L96oJ||̂^
;efc£aHydr̂ ^̂
>rine-"atbms':''are1;Sreplaced- bV.;nydrogeri.'vltti1Je'â ê ;-;>'ŷ  ;'".

li

Bruck (1969)15 also demonstrated the total dechlorination
of 2,3-dibromo-3f ,*+' ,5* ,6t-tetrachloro-benzonorbornene (12)
with the lithium-butanol-THF system.

Cl

.
Gassmann and Pape (196U)16 shoved that the same dechlorination

could be obtained if sodium metal vere substituted'ffbr lithium.
However, it was fbund,that .the sodium-butanol̂ THP!, system,also , ,,
reduced olefinic..bonds,present in, some of the.polychloro, compounds.

•.' •- > a -' ' •• •"••;'̂ ~;.-f'i - .''.'"i "t ftv* ••»...•';-/.-••!- • J>'S>««iiM'«s«»i**«i-*cvl'ri>v^-*f- V*:W**'iW#v%ffi(*!1 l*i."!''

Photochemical Degradation. Photochemical reactions of halogenated
aromatic compounds are free-radical in nature. Studies show that
generally light from a mercury arc (25̂  nm) is sufficient to cause
photodecomposition. Photolysis yields a chlorine atom and, a phenyl
radical. The fate of the phenyl radical is dependent upon the
medium of the reaction. Water generally affords hydroxylated
products where solvents such as alcohol and benzene undergo hydrogen
abstraction.

Replacement of halogen by the hydroxyl group during photolysis
of chloroaromatics is described by Plimmer (1970) 17. This author



also found that the herbicidev'2,3,6-trichloroT3enzoic acid (13)

COOH COOH COOH

^r^?Sf;

Photolysis of picloram, U-ainino-3,5»6-trichloropicolinic
acid, at 2$k nm yields two moles of chloride per mole of picloram
(Kearney et oJL., 1969)18, An aqueous solution of 3,5,6-trichloro-
2-pyridinol (ll») which is related to the pesticide chlorpyrifos
(15) undergoes dehalogenation when exposed to sunlight or artificial
UV light (Smith, 1968)19. Spectrophotometric measurements of
indicated that cleavage of the pyridine ring also occurred.

Cl

Pinhey and Rigby (1969)20 showed that chlorobenzenei'chloro-1-*"* *
phenol and p-chlorophenoacyacetic acid (l6) undergo photolysis
in isopropanol.

'<?'• '.>'•• ' : '.'..I.

OCH2COOH '"

p :• ''

OK



Crosby and Tutass(l968)21 observed the rapid decomposition
of therherbicidei 2U--D (17);In • water";ln;',the!'presence"ofhUWlight.> •• ;.-.f •'•
Th^e1;was:l|f̂ ^
reaction ^was" "'th'e^cieavage' of the'ether'bondV'^^produce^S^^dichibro-
phenol (l8) which was dehalogenated to U-chlorocatechol (19).
Ultimately, the product of extended photolysis was a mixture of
polyquinoid huraic acids (20).

' r ?j* i » * ' i
O-CHgCOOH

0-CH2COOH
.OH'

OH

(20)

A five minute exposure of an aqueous solution, 5 ppm. of 2,U,5-T
(2,U,5-trichlorophenoxyacetic acid) to UV light destroyed its
herbicidal activity (Kearney at i£. ,1969) 18. Chlorinated dibenzo-
P-dioxins (21) which are powerful teratogenic agents and found as
trace impurities in the herbicides 2,U-D and 2,U,5-T are decomposed



by sunlight or artificial light at 300 nm (Plimmer etat., 1971) 22. ,
In methanol, the chlorine substituents ,are,.replaced-by,hydrogen};vM^-i--*^ >-'V-
followed by disruption.^ the^eterpcycliclsririgi,te^

j I 4gfe&' ^ ^ 6 * J" *n j * \ ^t^V^'S>w^^%'''tf^'^-': '-$ ."'•̂ "'•Tf'1 /^fV'''"' • ' • '"Jt;r" -'Vj.i.V*':'' .* ray™\y'P«^*V-v*^5^*|*raK' '. • ' V* •* "'*'* *''V >'

2»3,7,8-tetrachloro- ,
dibenzo-dioxin

Nakagawa (l97l!F3 found that an aqueous solution or suspension
of the herbicide TOK (2,U-dichloro-l+-nitrodiphenyl ether) (22)
exposed to sunlight or simulated sunlight wa? characterized by
rapid cleavage of the ether linkage to form p-nitrophenol and
2,l*-dichloro-phenol. Other products were U-chlorocatechol , U-
nitrocatechol, U-chloro-U-nitrodiphenyl ether, 2,U-dichloro-l|-
amino-diphenyl ether and p,p'-di-(2,U-dichlorophenoxy) azobenzene.
Irradiation of aqueous pyrazon (23) at 250 nm for 6 hours resulted
in a mixture of ten products (Rosen, 1971 ?** •

(22)
Using gas-liquid chromatography and dnfraredvtechniques, Pape

et at. (1970)25 found that the insecticide 2-(l,3-dioxalane-2yl)
phenyl-N-methyl carbamate (2U) , yielded; 85%, of a benzoxazine deriva-
tive (25) in methanol. In water^ multiple products were formed,
two of which were indent!fied as 2-N-methylcarbanyl benzaldehyde
(26) and 2-(l,3-dibxalane-2-yl) phenol (27).

0-C-NHCH
e,,3OH

0-CMHCH

(27)

10



tnan 200 nm lou ana aaoiK, ay(£;-",' • rouru.proQuĉ Sviwere|;aei;eci,eâ M̂
In another study:;these investigators (1972)̂

7 irradlâ ed̂ W'aq̂ ousi
solution of Nl-(U-chloro-o-tolyl)-N,N-dimethylformamidine' (29);?t;f;;;'';?;
under similar conditions.Ao form two products. ,s . .̂  .

'̂ft'̂'fe : V̂̂ 4; •'.'•'•'V̂ i??-l̂ ;>
l'iV;--. -"•̂ v̂̂: '̂!'«*y;|•;;''|;|l|J;A;'î

jf :Ŵ '-V:: • riLSJŜ SS • v ̂'̂ £$̂

»H=CH-N'(CH3)L • " .
'••':: " ' ., -; | - , ; l '

N=CH-N(CH3)0 CH3

(28) (29)
Pape and Zabik (1972)28 studied the photolysis of three U-

amino-6-alkyl substituted-3-(methyl-thio)-OA-triazin-5(UH)-ones
(30) at wavelengths longer than 290 nm. In all cases there was
loss of the amino group. These photoproducts were reportedly
considerably less biologically active than their parent compounds,

O

r-V
"M>N̂ *-s-CH3 H2°

ft

3-CH3 .

Crosby eto£. (1965)29 irradiated six N-methyl carbamate4j ;i(','
insecticides in^ethanol using ..both sunlight and artificial U]!,/;,
light. The insecticide propoxur (31) vas found̂ .to.be"1'iner€"t'Ŝ )ii.;:%';.'';..-.;;.' ;
the exposure whereas the other compound which included^carbaryliv .;•
(32), Zectran (33) ':and Mesurol (3

1*) decomposed to give^unidentified %
cholinesterase inhibitors as well as other substances. Thin-' ;;: ;
layer chromatography (TLC) was used to analyze the reaction mixtures.

OCONHCH-

0-CH-CH3
VCH7

0~CONHCH3 OCONHCH3 0-CONHf!W3

(31) (32)

N ( C H 3 ) 2

(33) (34)

11



Irradiation of dieldrin (35) in hexane yields a pentachloro-
derivative that "is less toxic to flie,s, vjut̂ .isrfiyê  times,,' more f"̂ ;,;•,.,.
' toxic •to:;>mice

i%:̂ drlii'?l36)̂ û ^
t̂ion̂ Hehderŝ &d'̂
dieldrin and aldrin undergo rearrangement without loss;of chibrlne
(Cookson and Crundwell. 1958)3l (Robinson et at., 1966)32 (Rosen
and Sutherland, 1967) . The same photochemical product (37) is
formed when a saturated aqueous solution of dieldrin is exposed
to UV light (Henderson and Crosby, 1968)3I*. . ̂ ; ;̂ i'

Cl

ci:.':-f '&$$.
UV light'

' Hexane

trv n frht.
Hexane

Cl
v^

Cl-j^"

Cl

Cl'

Xr f!l-r
/

Cl

Cl

,.> , ci

UVlightV^Cl
solid state

O :|?^or-^ .-,,;
, in. water Cl'

(37)

When Fleck (19̂ 9)35 irradiated a solution of DDT in ethanol
with a mercury vapor lamp for l6 hours, about one mole of HC1
was evolved with some acetaldehyde. The product of this reaction
was l,l,U,H-tetrakis-(p-chlorophenyl)-2-butene (38) obtained in a

yield.

12



•̂ :F̂ ,-;:ci9
"•'•:'?",':..' ;•'., :»*.A'.V':

« > ''4-

Kinney and Ivanuski, (1969)36 have studied aqueous slurries
of zinc and.titanium oxides which act as photocatalysts. Irradia-y
tion of these slurries"wî h a sunlamp resulted in the formation of
atomic oxygen which could oxidize dissolved organic matter such as
phenol, acetic acid, sodium stearate and sucrose. This technique
was not applied to pesticides or herbicides.

Chemical Cleavage of Ethers. Another approach to the degradation
of 2,H-D and 2,4,5-T is by cleavage of the ether bond by chemical
means. The photo-induced cleavage of the ether bond was described
earlier (Crosby and Tutass, 1968)21. The only description of .
direct cleavage bf;i2,H-D and*2,H,5-T is that of Marquardt (1961),
who demonstrated the formation of chlorophenols when:the herbicides'-
were fused with; pyridine hydrochloride. Rapid and quantitative
demethylation of aryl ethers (39) can be accomplished using sodium
thioethoxide in hot dimethylformamide (DMF) (Featrill and Mirrington,
1970)38. * ••,...,*,•.,,~». ., ,,..,,„„,„. ,„,„„,, ., , ...,.„,,., ,.,.,.... ,,.„„ .,,,.,,,..,

•0-CH3

CH3CH2S /DMF
CH3CH2-S-CH3

(39)

Demethylation of ethers can also be carried out by magnesium
iodide in benzene-ether solution (Schonberg and Sina, 1950)39 or
by lithium iodide in boiling collidine (Harrison, 1969)uo•

13



Sodium amide in boiling piperidlne cleaves diaryl or aryl-alkyl
ethers and converts aryl halides to aryl piperidines (Brotherton
and;Bunnett,vl957)[;'

1. -V* *,* >"'*,'/ ». •,•< -^ v.v .»

Degradation by Oxidants. Strong oxidants offer still another
approach to destroying pesticides.and herbicides, iHowever, the
water insolubility of many of-; the compounds, particularly the ,
chlorinated pesticides, makeSv'the \ise;iof'|strong oxidants ihfr
water media generally impractical:;-v"s.': -'••• "," ":••'•"'•''•,••• - •' •^•f^;'f,

• *•<.'•'.';•:..<» -̂̂ ;̂nv,..;.!-;.*v;̂ ./i;:̂ '̂.v..;. '?,; . , ;,. ;.j ; ̂  _.,,,...., j,,;-,,;,,̂
Hydrogen peroxide is .reported to;react with both 2.H-D and,.,,

2 ,H,5-T (Lyr, 1963) **2. Dieldrin, lindane and DDT at ppb levels
in water were not removed by chlorine or permanganate and only
partly removed by ozone (Robeck, 196*5)**3« *n a more recent
study (Hoffman and Eichelsdoerfer, 1971)H\ the oxidation of
chlorinated pesticides by ozone in both water and hexane was
investigated. Of the compounds aldrin, dieldrin, heptachlor,
heptachlor epoxide, chlordane, lindane, DDT and endosulfan;
only aldrin (UO) and heptachlor (Ul) reacted quantitatively.
This study indicates that only compounds having unchlorinated
olefinic bonds, such as aldrin and heptachlor. undergo reaction
with ozone. Williamson and Cvetanovic (1968)<*5 showed that
ozone reacts with ;pentene 2,200 times,,more, rapidly than;with,
ec4-dichloroethylene. , "

Cl-

Cl

ci-

S

,̂"5*?̂

Buescher at at. (196U)1*6 showed that potassium permanganate
at UO ppm removed aldrin and partly removed lindane from water;
ozone removed aldrin, dieldrin and lindane; and hydrogen peroxide
at 1+0 ppm had no effect on any of these three pesticides. Gomaa

1U



and Faust (19T1)1*7 found that chlorine dioxide (ClOg). oxidized
^ herbicides,.diquat (1*2) and,paraquat,.,(U3) extremely -fast in ,
er|£̂ p̂ 8i:l̂  the» herbi-
e s ' ; w e r < t 0 m ' T e e a c r i i n a s ^ n ^ n t . C h l i n ecides'•,werê 30̂ mg/l-!,*jf'lThe

;;reactiori.itiraeXwass-1̂  minute. Chlorine
dioxide was unreactive at pH:5.06 to 7.12, but in the, range 8.lU
to 10.13 degradation of the quaternary compounds was observed.
Potassium permanganate was also effective in degrading the
herbicides in the alkaline pH range. The investigators made
the assumption that the products of the reaction were C0,j,
oxalate ion,vammonia and water, but this was not proven By
'•analysis.'J.M .'< < *« ' '

Q* *f~\N — N N)
>=/

CH2CH2

(42)

2 Br' VN-CH.—— / j

(43)
Other oxidation systems that are non-aqueous or partly aqueous

and would be compatible with the water insoluble pesticides are
potassium permanganate in acetone (Smith and Rouault, ̂ Ŝ)1*8,
permanganate and'^periodate in t-butanol and,water (Lemieux and i :
von Rudloff, 1955)̂ » ruthenium tetraoxide and sodium periodate
in acetone' and!water>;(Stork et o£., 1963)50 and tetrabulylammonium;
permanganate in chloroform (Davis, 1972)51. Although these
oxidati6nMsyst'eihs'*''ha<\lpS<lbeen'''used'<"bn'' various' compounds eontaining"
olefinic bonds, they have not been applied to pesticides or
herbicides. • - ••• . « ,. . ••

Bi ode gradation.,: Degradation' of pesticides and herbicides in^the i( , _
aquatic or:soil; environment is possible by many ways;;photodecomppsi-
tion, biological uptake and metabolism and chemical and biological
oxidation, reduction or hydrolysis. Since pesticide and herbicide
residues are found in the soil and water, the natural degradation
is clearly slow and unpredictable. Work has been done to under-
stand the fate of DDT, aldrin, dieldrin and endrin in^the marine
environment (Patil, 1972)52. Faust and Gomaa (1972)53 have pointed
out that the organophosphorous and carbamate pesticides, which are
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susceptible to alkaline or acid hydrolysis, are quite persistent
under natural environmental condition,-that is the temperature

-V of 0̂ ;'to;;>25°C: vand̂ â ^ Â 'rê t̂ v report ̂ byrfr
Miller (1972)l offers a comprehensive=?survey oif the literature
dealing with iaicrobial action'on pesticides and herbicides in
the soil.

Degradation by Hydrolysis. Although many of the organophosphorous
and carbamate pesticides are persistent under environmental condi-
tions of temperature and pH, see Table 3, these compounds are
generally unstable in strongly alkaline or acid media.

TABLE 3. Hydrolysis Rates of Four Pesticides Under Ambient
Conditions (data from Faust and Gomaa, 1972)53

Pesticide pH and Temp. Half-life

Diazinon

Parathion
- •"; T ' f . ' . ' - ''• '.;.

Thimet* J

Dichlbrvos*" "'"'" ''"
) ' • , , > . i_ ;

7

7

•6

6

.k

.U

.9

.9"""-

200C

20°C:

:. ••'••<?•

20

20

o

o

• ;*,' ! - i

C

C

Ul+36

259V
'""f : •;. •", ".•' .

U50

260
,s £ .1 :~i i ,. 'r-

hrs

hrs

hrs

hrs
•*'"

(18U days)

(108 days) ,
' ' " .'. ,!;i' ' '' ")' '!-?'# -; ' ;i"*' '

(19 days) . V i;;v ;

"(ll:days) ••-••-•*• >••*; ••'**«*
*/.' !V\**~ ' ' ' "1V tf\ A , ii

v '*'. ?''

*in ethanol: water -

The literature cites the hydrolyses of'many pesticides
a variety of conditions. However, many of these studies are not
meaningful in that high temperatures and neutral pH are used in
the determination of half-lives of the compounds. Such a study
is that of Ruzicka e-t oJL. (1967) 5<* where the half-lives of 31
pesticides are reported at pH 6.9 and 70°C in an ethanol-water
mixture. Extrapolation of these results to lower or higher pH
is not possible. Some hydrolysis studies were found that are
more useful in understanding the stability of organophosphorous
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pesticides. Such a study is that of Faust and Gomaa (1972 )53,
see Table, 1*.

"
TABLE 1*. Half-Lives of Two Pesticides at 20°C and Various Conditions

of pH (data from Faust and Gomaa, 1972) 53

.
Diazinon I Parathion

pH Half-life pH Half-life

I T l 1 2 h r s 3 . 1 U182 h r s

5.0 7^2 hrs 5.0 3670 hrs

7A UU36 hrs 7.1+ 259*+ hrs

9.0 3263 hrs 9.0 523 hrs

10.U lU5 hrs 10.U 33 hrs

The half-lives;:of other organophosphorous and carbamate ; ;
pesticides under alkaline conditions and ambient temperature •
are-'shown'in-'Table"'5i''"**'"*"" """*'"'"""""" *! """" ' ••--'••• ••*"i-* —-^ • • • < • •,.™-**»>-»-̂ ,<!i.ij*, „•,.

The toxicity of the hydrolysis products of the organophosphorous
and carbamate pesticides to mammals and fish must be considered if
hydrolysis is used to dispose of a pesticide. Table 6 lists the
data available for some compounds of special interest to the \,
Department of the Army. . , , • '. '/, '.
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TABLE 5. Half-Lives of Various Pesticides Under Alkaline Conditions

Pesticide Structural
Formula

Experimental Conditions
Temperature pH

Half-Life Ref.

Parathion

Methyl parathion

Malathion

CH^CH20 -S
P-C

CH3CH20
><!'

CH3°\ *S

i3u ,.
-N0

CD

3°\ -I-3 H
^P- S-CH2COOCH2CH3

CH2COOCH2CH3

15°C

25°C

1 N
NaOH

32 min. 55

NaOH - --. 7.5 rain. 55

,
10.03 : 28 min. ;.: 56

DDVP
,
•J •

'x *° /C1

P — 0-CH=Cx

/ '' Cl

CH.

37.5°C 8.0 U62 min. ' 1:57

Diazinon

H3C CH3

20° hrs- ; 53

Carbaryl ambient alkaline rapid -.;/,. 58

Propoxur
Ln3

10. HO min. v 59



TABLE 6. Acute Toxicities of Various Pesticides and Their Alkaline Hydrolysis Products

Pesticide Pesticide Acute
Toxicity

Hydrolysis Product Hydrolysis Product
Toxicity*

Diazinon Rat (oral) 66-600 mg/kgf3

Malathion Hat (oral) U80-5800 rog/kg60

V,

CM*
CH-COO
II
CH-COC

LD_ - rat-(oral),53
50 2700 : ml/kg

•

Human dose of ;-500 mg/day*
for pne year,\np effect

Parathion Rat (oral) 3-30 mg/kg53i NO, Cat (sc) 197;;ms/kg
Dog (iv) lO'mg/kg LD

Carbaryl Hat (oral) 560

OH

Cat (oral) 100-150 mg/kg 65
Rabbit(oral) 9000, mg/kg LD

Propoxur Hat (oral) 100 mg/kg162
OH

0-CH-CH
Not known

Chlorcvrifos Rat (oral) 163 mg/kg.63.

cwci-V.r^oi Not known
' " '



The American Cyanamid Company has published a booklet (Anonymous)'66

on the decontamination and disposal of .organophosphorous pesticides,
(manufactured; by iiCyanaWd̂ land'theî containers'.,':' This/̂ ubl̂ atioiif;!:':̂ 1;
recommends the use of an aqueous caustic soda and detergent* solution! 1
for rinsing empty pesticide containers followed by burial" of the
container and rinse solution in an isolated area. Table 7 shows
the composition of the rinse solution for various container sizes.

TABLE 7. Rinse Solution Mixtures for Organophosphorous Pesticide
Containers of Various Sizes

Container Size

5 gal

5 gal.

15. gal.

30 gal.

55 gal.

Water

1/2 qt.

2 qt.

1.5 gal.

3 gal.

5 gal.

Detergent

1 tblsp.

1/U cup

lA cup

1/2 cup

1 cup

Caustic Soda

lA lb.

lA lb.

1/2 lb.

1 lb.

2 lb.

Richter (1971)6 studied the mechanism by which 2-aminoethanol
(monoethanolamine, MEA) in a polar, nonaqueous solvent such., as.,
dipropyleneglycol monomethyl ether (DPGME) decontaminates malathion
(HU). The main reaction products were 0,0-dimethyl dithiophosphate
(1+5), and diethylfumarate (U6). The latter compound underwent. >; ;'
addition by a molecule of MEA.

mi f\ c CH 0 v o iikon Uv ^o x \_^* ^ ^3 P- S-CH-COOCHPCH3 MEA ^ 5 J3- S" + C
CHoO7 | > CH3C/ (I

CH0COOCH0CH-, /c\
t ^ J . .. . . rv^c-H-rKM? H

(45)

<44» (46)
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Wolverton vt at. (1971)68 used 12.5# and 25% solutions of
monoethanolamine, MEA, in dipropyleneglycol monomethylether '

• (DPGME)'fto dV^ (.M)̂ 'naied • * fr'i A-
(1*7), clichibrvos (1*8), fenthion-0*9)̂ and TEPP (50);̂ vTeri parts •' -
of decontaminant solution was used to one part of insecticide,
and the disappearance of the insecticides monitored by GLC and
TLC. Dichlorvos, naled and TEPP were completely destroyed in
30 minutes by hydrolysis; malathion was gone in 120 minutes and
about 5QJf6f the fenthion remained unreacted: after 2l*0 minutes
at room'temperature. The mixture of MEA and DPGME was found to
be relatively'non-toxic to the mosquito fish (Gambusia affinis)..
These fish could tolerate MEA and DPGME at levels of 330 ppmtand
8000 ppm respectively. Fish exposed to the decontaminant mix- , >
ture containing malathion or naled tolerated 2073 ppm for the
degraded naled mixture (96 hour exposure).

CK-0 .0 Cl CH .0 ,C1 CIUO-0
3

.
V- 0-9H-C-G1
' 'CH.o Br Br

(48) (49)

/Q Ov uon.0on_yt-o-v 2 3 ^
i ,s\.,' '. 'if- - .;

(*<»

The use of MEA in decontamination of the irritant CS (o-chloro-
benzylidene malononitrile) was described by Demek et at., (1968)69. ,
This study showed that 10 }£ MEA in water containing 0.3# of a nonionic
detergent would dissolve and rapidly hydrolyze the CS. It is possible
that an aqueous MEA solution may dissolve the pesticides as well.

CONCLUSIONS

No single chemical procedure for degrading the entire spectrum
of pesticides and herbicides exists. Due to the great variation in
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chemical structures and solubilities, several approaches to degradation
will be needed. It is probable that with three or four diverse chemical
methods, any,'compound can be 'effectivelyjdê oxified,̂ From,;thei,known;; .
reactions of pesticides and herbicides* four general methods can be
set down:

1. Hydrolysis. •Hydrolysis proves to be the~most~.praatical~and
reliable-method-ofr-destroying-organophosphoroua-and-carbamate-
pes.ticides. The MEA - dipropyleneglycol monomethyl ether system
described by Wolverton ut aJt.,^(l91l)** shows;; great utility/jtoward
the destruction of organophosphorous .pesticides,;;: The .system is
relatively non-toxic and non-corrosive, and being; a kprnogenzouA
system, allows the determination;of the half-life of the compound
to be hydrolyzed. It is possible that an aqueous MEA solution will
dissolve the pesticides as well. Prom the standpoint of a fire
hazard, an aqueous solution would be more desirable. An investiga-
tion of systems using MEA in a partly aqueous medium should be
carried out to determine the reaction rates of both organophosphorous
and carbaraate insecticides that are of interest to the Department °f
the Army.

2. Dechlorination. The polychlorinated-pesticides-'Can-be-best
degraded~by~chemical»=dechlorination«. The system using -t-butyl
alcohol, tetrahydrofuran and lithium or sodium metals should be
the most effective and non-specific in dechlorination. The dis-
advantage of this system lies in the fire hazard created by the
hydrogen produced from the reaction of an alkali metal with the
alcohol, and the use of tetrahydrofuran (an ether). A catalytic
system shows promise in dechlorination of the polychlorinated
compounds. An inexpensive catalyst- worth investigating is nickel
boride. The simplicity of its preparation, and its high activity
as a catalyst, makes it an excellent candidate for research.

3« Photolysis. The photolytic approach to,decontamination
seems to be a practical method that merits investigation. This
approach-is».particularly use&il̂ n̂ egrading.̂ U-D-̂ d̂ f̂ 5«̂
as«wel-l'~as—the~chlorodibenzodioxin' impurities. In the cases
where a pesticide is dissolved in oil, such as diazinon, photolytic
decomposition may be a better approach than using an emulsifying
hydrolytic medium. Experimental work needs to be done to determine
the rates of degradation of pesticides and herbicides in both
sunlight and UV light, and assessing the toxicity of the photo-
products .
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U. Oxidation. Chemical oxidation is a fourth approach to
pesticide and herbicide decontamination that is worth study.
The reaction̂ <>f̂ hlordnê ioxidewy4th~vater~8oluble~compound8

Oxidations
of pesticides carried out in non-aqueous or partly aqueous solu-
tions are also poorly understood.

Each of these procedures would encompass a large number of
pesticides and herbicides that would be effectively detoxified.
The development of each system should be carried out with the
following two guidelines:

1. Reagents and solvents should be:

a. Relatively common

b. Low in cost

c. Produce no fire hazard

d. Non-toxic to fish and mammals

2. The medium in which the reaction is carried out should
be compatible with both water soluble and water insoluble compounds,

RECOMMENDATIONS FOR FUTURE STUDY

1. Hydrolysis Studies.

a. Eind-hydroityti'0-systems« compatible with the pesticides of
main interest to the Department of the Army (DA).

b. •^termine--the~hydro3ysis'-rates»-of--the-organophosphorous»
and«carbamate~pesticides in one or more systems.

c. Deterndne~the»nature~of>-the«products from the hydrolyses
and assess their toxicity.

2. Photolvtic Studies.

a. Determine the rate of photolysis of 2,U-D and 2,H,5-T
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and their esters in water and alcohol using artificial and natural
light.

b. Investigate photolysis of pesticides and tierbicidea^ of ^!

interest to DA, determine their reaction rates and the toxicity
of photoproducts.

c. Investigate photosensitizing chemicals to promote more
rapid and efficient photochemical reactions.

3. Dechlorination Studies.

a. Investigate suspensions of nickel boride, Ni.B, as a
dechlorinating agent and determine reaction rates if successful.

b. Modify the lithium-THF—t-butanol system for dehalogenation
to make it safer and more practical.

U. Oxidation Studies.

a. Investigate a number of organic oxidation systems with
various pesticides.

b. Study the reaction of aqueous chlorine dioxide with 2,lt-D,
2,U,5-T and other pesticides and herbicides.
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